A decentralized full-scale sequencing batch reactor (SBR) system for treating wastewater was operated to assess their feasibility and the response of bacterial population dynamic and nutrient removal performance. The reactor was operated under low dissolved oxygen (DO) concentration Temperature and sludge withdrawal were important factors in determining nitrification and phosphorus removal rates. The SBR was viable for domestic wastewater treatment and showed that the microbial community greatly influenced its performance. This work can also provide valuable insights into further applications in systems operated under low DO condition.
INTRODUCTION
Several developing countries have adopted new strategies for managing and conserving natural resources due to their rapid population growth and economic development in the past few years. Many of these communities have no wastewater collection or sewage systems, and, consequently, require effective decentralized treatment systems.
Decentralized wastewater management covers the collection, treatment, and disposal or reuse of treated wastewater at or close to the source of generation (USEPA ; Suriyachan et al. ) . Significant attention has been focused on these systems, and some advantages, such as their reduced capital investment, low pumping costs, and minimum energy consumption have already been linked to their recurrent use (Devi & Dahiya ) . Furthermore, for scattered buildings and residential areas without a centralized system, on-site treatment of domestic sewage in a decentralized system not only would avoid dealing with costly centralized systems, but it allows the sewage owner to reuse the treated effluents (Jorsaraei et al. ) .
Several options are available for on-site wastewater treatment (e.g., wetland, activated sludge, biofilter), and one of these alternatives, the sequencing batch reactor (SBR), is a viable decentralized system, particularly for rapidly growing regions. Additionally, SBR can be easily engineered to provide highly effective nitrogen and phosphorus removal (Artan & Orhon ) . The basic operating phases of SBRs are welldocumented and consist of a cyclic operation of the following steps: filling, reaction, settling, drawing, and idle (Shaw et al. ) . However, the effectiveness of the decentralized approach depends on establishing a management program that assures regular system inspection and maintenance.
Due to nutrient discharge regulations, SBR systems have been modified to achieve nutrient removal by adjusting the reaction cycle steps. Accumulated experience has also indicated that the intrinsic operation flexibility of SBRs allows them to act as an alternative to continuous-flow systems for nutrient removal. As stated above, in addition, SBRs can be easily engineered to provide highly effective nitrogen and phosphorus removal (Wilderer et al. ) . However, evaluating microorganisms' interaction with the environment and other organisms is still important for understanding the active mechanism behind the SND treatment process (Hesham et al. ) . These methods allow the characterization of microbial diversity via molecular fingerprinting and DNA sequencing without the need to cultivate the different microbial strains.
PCR-DGGE is cheap and fast when compared to other methods and can be used to compare microbial community structure changes at different system stages. Additionally, FISH is highly effective for detecting specific bacteria and analyzing complex microbial communities and also offers the advantage of microscopically observing the physical relationships among different cells (Rittmann ; Seviour ).
The purpose of this study was to investigate the performance of a decentralized full-scale step-fed SBR fed with domestic wastewater and operated under low DO. The step-fed system allows a good management of the reactor for nitrogen and phosphorous removal, while the low DO enables saving energy costs. In parallel, molecular techniques were used to evaluate nutrient removal and identify bacterial community structures throughout the process, in order to determine the influence of microbial communities' changes on the system efficiency and also how these different factors could improve the effluent quality.
MATERIALS AND METHODS

Full-scale treatment system
The full-scale treatment system was designed to support 440 people, with a flow of 119 L/capita.d, and consisted of an equalization tank (29.8 m 3 ), a secondary treatment (SBR), and a disinfection contact tank (13.5 m 3 ). The system was fully automated.
Step-fed sequencing batch reactor
The reactor has a total volume of 76.7 m 3 with an aver- 
Microorganism identification
The genera of Protozoa and Metazoa were identified using an optical microscope (Olympus BX41) and an inverted microscope (Bioval XDS-1). Taxonomic identifications were determined as described by Canler et al. () .
Oxygen uptake rate and active biomass determination
The oxygen uptake rate (OUR) was measured according to Ochoa et al. () , in suspended biomass, using a closed respirometric cell. Three different conditions were used:
(1) endogenous OUR, (2) oxygen consumption during nitrification of ammonia without a carbon source, and (3) exogenous respiration with a carbon source in the presence of Allylthiourea (nitrification inhibitor (1) and (2), respectively. The kinetic parameters are constant, as described in the model:
and Y A ¼ 0.24 g cell COD formed (g N oxidized) À1 . The assays were realized at room temperature and the temperature correction factor was applied to the values of kinetic parameters (Ochoa et al. ) .
Bacteria identification by molecular methods
DNA extraction and PCR amplification
Samples were collected every 2 weeks from the SBR. DNA extractions, sequencing, and phylogenetic analysis were subsequently performed. DNA extractions were completed using the QIAamp DNA Stool Mini Kit (QIAGEN), according to the manufacturer's recommendations. The quality of extracted DNA was evaluated on 1% (wt/vol) agarose gels and stored at À20 W C until further use.
Around 10 ng of genomic DNA was used as a template for PCR amplification. The universal primers used for amplification of the bacterial 16S rRNA gene are as follows: 358F
(containing a 51-bp GC clamp) and 517R. The DNA was amplified by PCR as described by Viancelli et al. () .
PCR products of 16S rRNA were quantified on 0.8% (wt/vol) agarose gels.
Denaturing gradient gel electrophoresis
DGGE was performed according to Fernandes et al. () in a parallel study using another SBR reactor. The gels were visualized with a transilluminator, and the images were captured with the Kodak Molecular Imaging Software, v.5.0.0.90. Individual bands from DGGE gels were excised using sterile tips, eluted in sterile deionized water, and stored overnight at 4 W C.
The same PCR programs described above were used for DNA re-amplification but with non-GC-clamped primers, and 10 μL of DNA from the DGGE band was used as templates.
ACTGene Molecular Analysis (Brazil) performed the DNA sequencing analysis. Sequence determination was conducted using an automatic sequencer ABI-PRISM 3100 Genetic Analyzer. The quality of DNA sequences was checked, and overlapping fragments were assembled using BioEdit 7.0.5. DGGE fingerprints were automatically scored by the presence or absence of co-migrating bands, independent of intensity using GelCompar II, 6.5. Pairwise community similarities were quantified using the Dice index which ranges from 0 (no common bands) to 1 (identical band patterns).
Cluster analyses displayed as a dendrogram were performed using the complete linkage method with arithmetic averages (UPGMA). Binary sequences were generated for individual DGGE lanes by determining the number and position of bands compared to the total number of band positions detected.
Fluorescence in situ hybridization analysis FISH analyses were performed as described by Amann et al. 
RESULTS AND DISCUSSION
Organic matter and nutrient removal
The applied loads in the SBR were 1.14 ± 0.96 g TCOD The average influent pH was 7.2 ± 0.4 and the effluent pH was 6.9 ± 0.5 (Figure 2(b) ).
TKN removal efficiency was around 50% (Figure 2 This condition provides organic substrates to some of the heterotrophic bacteria, which use these substrates as sources of carbon and energy for denitrification.
Phosphorus concentrations are presented in Figure 4 (a).
Low influent concentrations were found at the start of monitoring until day 44, after which the concentrations increased. Biological phosphorus removal was observed only after day 99, when the ratio C:P was 60.5. During this period, the average PO 4 3À -P removal efficiency was 59%. According to Puig (), the biological phosphorus removal is negatively affected when the C:P is lower than 55. Moreover, there was a decrease in temperature after day 100 of about 7 W C (Figure 5(a) that after day 90 the mean influent pH increased from 7.0 to 7.8.
Biomass characterization
The food/microorganisms (F/M) average ratio was 0. 
Microbial diversity and bacterial phylogenetic analyses
The recurring protozoa were crawling ciliates: Hypotriches (Aspidisca sp.) and Holotriches. Ciliate protozoa dominated the protozoan community, but a few ciliates (Vorticella convallaria) were also attached to flocs. Flagellate protozoa were present in a few samples. This group indicates unstable operating conditions, poorly aerated sludge, and discharge overload (Warren et al. ) .
The average specific OUR for nitrifying and heterotrophic biomasses were 3.7 mg O 2 g VSS Although AOB concentration increased after 99 days, NH 4 þ -N removal during this period was 53.6% (Figure 2(d) ).
In the previous period, however, the average NH (Figure 5 (a) ).
The presence of Nitrobacter remained low throughout the monitored period (below 5% of DAPI-stained cells), and Nitrospira rarely appeared (average 3%), being noticed only in some periods of this study (data not shown).
PAOs (Candidatus 'Accumulibacter' cluster) were found at low concentrations (average 7% of DAPI-stained cells)
until day 99 and at higher concentrations thereafter (average 27% of DAPI-stained cells). PAOs are favored in SBRs because they possess competitive advantages over non-poly-P accumulating microorganisms and are able to survive during food shortage periods. The considerable increase of PAOs during the monitored period was concurrent with the increase in phosphorus removal (average of 50%) during days 99-165. As discussed previously, the conditions of pH (7.6) and low temperature (23.5 W C) contributed to the effective biological phosphorus removal process.
Denitrifying organisms (some Thiobacillus and Desulfovibrionaceae) were not detected in this study. Some PAOs are also capable of performing denitrification (Kong et al. ) , suggesting that the denitrifying processes that occurred in this reactor may be due to the action of this group.
Changes in the bacterial community composition of the SBR were investigated using PCR-DGGE. were not always present throughout the monitored period, indicating changes in the reactor's microbial composition.
Bands 3, 5, 6, and 7 appeared during days 60-90, and bands 4 and 6 appeared in lanes corresponding to days 15 and 140. Band 7 was also found at day 7, and band 8 was exclusive to day 60. These differences suggest some variance in the microbial community composition during this period, which may be affected by influent variation, since each sample was taken from the same place in the reactor.
A total of eight different bright bands from the DGGE profile were excised ( Figure 5(b) ). The total DNA was the same length, but different sequences could be excised and then sequenced. Each sequence was submitted to a BLAST search, and the results are shown in Cluster analysis was used to show the percentage of similarity between different DGGE profiles ( Figure 5(c) ).
This comparison method showed that, between day 60 and 120, the community assemblage present in SBR exhibited maximum similarity. 92.3% similarity was observed during this period, followed by an 88.9% similarity between days 60 and 120. The minimum similarity occurred in the second and penultimate monitored periods with 80% similarity between days 30 and 190.
High variation and diversity in the microbial community was observed between days 60 and 90, and low diversity and high similarity percentage (80%) was observed on days 30 and 150. The information obtained in this research could be used for future studies, including isolation of specific microorganisms, phylogenetic analysis of some important groups of microorganisms in wastewater treatment, and targeting novel microorganisms in SBR systems.
